INTRODUCTION
Lichens are very effective as an early warning system to detect environmental changes (MARKERT & al., 1996) . As perennial, slow growing organisms, most lichen species maintain a fairly uniform morphology with time and accumulation occurs throughout the year with passive ion exchange properties (TYLER, 1989) . Lichens are widely used in biomonitoring stud-ies as they can provide cost effective tools for mapping spatial and temporal patterns of atmospheric contamination (CONTI & CECCHETTI, 2001) .
Moreover, lichens do not react only to a one pollutant but with combination of them, with good level of approximation (AMMAN & al., 1987; CHETTRI & al., 1997) .This study was undertaken to determine background levels of elements by using Xanthoria parietina in a passive monitoring study. The ICP-AES has proved to be convenient technique for the determination of heavy metals accumulation (KAUPI & al., 1992; MONACI & al., 2000) . Till time, no systematic data are available on atmospheric element concentrations and general information about air contamination in the target area is very few.
The second part of this work is about the detection of the metal rich particles on the thallus surface of the lichen. In previous studies, this has been directly detected by electron microscopy techniques (GARTY & al., 1979; OLMEZ & al., 1985; PURVIS & al., 2000) . The trapping of relatively large particles is the main cause of high metals contents in thalli that have been observed near industrial sites (SEAWARD, 1973; GARTY & al., 1979) .
A scanning electron microscope approach can perform the functions of imaging and elemental analysis, it is widely available and is comparatively rapid in that analysis and can be partially automated. Further, it characterizes physicochemical composition of the airborne particulate on biological material from multiple pollution sources (HAAPALA, 1998) .The characterization of particulates on the lichen surface therefore offers a powerful complementary technique to whole -sample analysis.
METHODS AND SAMPLING

FIELD SAMPLING
The studied regions ( Figure 1 , Table 1 ) are located on the Atlantic coast between Kenitra and Mohammedia, Morocco. These sites are characterized by Mediterranean climate with an oceanic influence. They are highly susceptible to interference from the Atlantic Ocean during the rainy season. However, rainfall is very variable between the north and the south. The summer, on the other hand, is dry and sunny, but this does not preclude the appearance of banks of mist and dew, that are both quite common. During this period, annual rainfall is 60 mm in Kenitra, 560 mm in Rabat and 400 mm in Casablanca. In contrast, temperatures are rather homogeneous, with the Atlantic currents moderating the climate to give mild winters and summers. The average temperature in January is between 12 -13°C while in summer it is around 23°C. Dominant wind in these areas is the Gharbi wind oriented to the Ouest, with variations (N/W, S/W). Its impact is sometimes reinforced by the sea breeze with an average speed of 3m/s.
Industries existing in the area studied are: paper industry, chemical, parachemical, petrochemical, thermic and metallurgic, and paper industry (according to regional investment centers of Kenitra, Rabat, and Mohammedia).
Specimens of Xanthoria parietina were sampled from nine sites, separated easily from the substrate by careful dissection of its basal organs. At each sites samples of Xanthoria were collected from at least three trees. The samples were pooled into one sample, with the help of knife and forceps; the samples were taken in polyethylen bags and transported to the laboratory in a clean environment. Care was taken to choose the thalli at a similar stage of development and only the outermost part of the thallus about 2-3 mm length were considered for elemental analysis in order to reduce the within thallus variability in elements contents.
In the laboratory, samples were sorted to remove as much extraneous material (soil, particles, etc), with nylon tweezers under a binocular microscope (CONTI & al., 2004) .
ANALYTICAL PROCEDURE ICP-AES
For estimating concentrations of five heavy metals, lichens samples collected were washed thoroughly with desionised water for decontamination from the heavy metals deposited on the surface. Then lichen material was pulverised and ashed in glass vials at 550°C in a muffle furnace.
The resulting ash was digested in an acid mixture of 8 ml of 65% HNO 3 , 2 ml of 35% H 2 O 2 and 0.5 ml of 38-40% HF of approximately 200 mg dry weight in a microwave oven in preparation for analysis by ICP-AES. Concentrations of five elements were processed by multivariate statistical techniques in order to explore spatial trend in element bioaccumulation using XLSTAT 2015.
SEM
Preliminary SEM studies were necessary to establish the optimal operating conditions to obtain images of the thalli surfaces for subsequent image analysis (for the physical characterization of surface materials) and for elemental analysis. Ghita El Rhzaoui & al. Xanthoria parietina as a biomonitor of airborne heavy metal pollution in Morocco 
STATISTICAL ANALYSIS
Descriptive analysis in terms of means, minimum, maximum value and coefficient of variation (CVs) were reported. Date were standardized and analyzed with multivariate techniques, such as cluster analysis (CA) and principal component analysis (PCA), these are considered statistical tools able to determine structures in the experimental data (TABACHNIK & FIDELL, 1996; CONTI & al., 2007; ZHOU & al., 2007; CONTI & MECOZZI, 2008) .
The PCA was applied using as variables the means of the concentrations to identify the unobservable, potential polluted sites and their elements characteristics.
RESULTS AND DISCUSSION
ICP-AES PROCEDURE
Results are summarized in tables 2, 3 and 4. All the nine sites studied were grouped in four clusters in a dendrogram obtained by CA analysis ( Figure 3 ).
HEAVY METAL CONCENTRATIONS IN THE LICHEN
THALLUS
Results were highly significant (p<0.001). PCA analysis regrouped sites 4, 2 and 9 in one cluster; these sites have registered high concentrations of Fe and Zn. Moreover, sites 3, 5, 7 and 8 belonged to area B, these sites are located near rural areas, and higher and registered high accumulation of Cu were recorded especially from site 5. The high accumulations of Cu in these areas are probably due to diesel engines as principal sources of contamination according to SEAWARD & RICHARDSON (1989) . This site has also registered high concentration of lead 42.05µg/g. Additionally high Cr concentration was reported in samples collected from site 1, area belonging to the cluster D, located near a road having heavy traffic activity according to NRIAGU & PACYANA (1988) . Cr is emitted in the atmosphere due to the coal and oil combustion, especially diesel-fed vehicles, refuse incineration.
In comparison with other heavy metals, iron is the most accumulated element in the Xanthoria thallus so far, the concentrations were between 8422.0188 mg/kg and 579.976 mg/kg. The site 1 located near a dusty road with a high traffic exhibits high concentration, followed by site 5. Lichens also demonstrate specific affinity for Fe (PUCKETT & al., 1976; GARTY & DELAREA, 1991) , the competitive uptakes studies revealed the selectivity sequence of different metals as Fe> Cr> Zn. In this study, Xanthoria parietina shows similar selectivity sequences of metals as Fe> Cr> Zn> Pb >Cu. Acccording to GARTY & al. (1979) iron is absorbed with very high amount in various lichens species and comparatively Xanthoria parietina accumulates significant amount of Fe 8422 mg/Kg of dry weight. It is applied as a construction material, also emitted from ironsteel plants, and during the combustion of fossil fuels such as coal (FERNÁNDEZ & al., 2000) . It is among the major elemental constituents of soil minerals. However, high concentrations were also found in the site 5.
The concentration of Zinc ranged from 218.995 to 2.027 mg/kg. The higher concentration was registered in site 1. The main source of Zinc is the automobile fuel, TAKALA & OKKONEN (1981) correlated the Zn content of Hypogymnia physodes with traffic volume and similar results have also been observed in Diranaria papillufera (DUBEY & al., 1999) . Higher concentration of Zinc is also associated with automobile tire and incomplete combustion fuel GARTY (2001). Others anthropogenic emissions include pesticides, fertilizers, and coal burning power plants ( SCERBO & al., 2002) .
The highest level of Zn found at site 1 is located near road with high traffic activities.
Concerning the lead, vehicle emissions have been the major source of Pb, however due to the increased use of unleaded gasoline; the contribution of gasoline to atmospheric Pb is decreasing. Nonetheless combustion of coal and other petroleum products are now the principal sources of this toxic element in the environment. The high enrichment of Pb in site 5, suggests that the dominant source is non lithological, and that a variety of anthropogenic emissions contribute to their loading in the ambient air (SUZUKI, 2006) . Further, a high concentration of Pb suggests combustion process caused by human activities (automobile, engine and metal smelting). In recent studies, the association of Zn, Pb and Ba has been proposed as a reliable indicator of unleaded fuel and diesel oil powered motor vehicles (MONACI & al., 2000) . No statistical correlation between these two elements was found in the sites studied in this work. P value table shows strong correlation between Fe and Zn (p <0.001), suggesting that probably Fe and Zn are coming from the same pollution source. According to GAO & al. (2002) , these elements are considered as indicators of anthropogenic emissions such as fossil fuel combustion and incineration along with emission from natural sources.
Summarizing, high concentration of heavy metals of Fe, Zn, Cr, Pb and Cu are registered in site 1 in comparison with the other sites. It can be stated that Xanthoria as a bioacculumator associated to ICP-AES allows the monitoring of heavy elements in the environment.
SEM ANALYSIS
SEM-EDX is used to identify airborne particulate deposits and their distribution on biological materials from multiple pollution sources (HAAPALA, 1998) .These heavy metals were detected in every sample of lichen analyzed. The most abundant chemical compositions found were Fe and Pb. The SEM-EDX examination revealed that the whole sites contained high ratios of heavy metals Fe, Pb, Cu, Zn and Cr.
EDS spectra of samples in figure5 analyzed has shown that almost all samples contains particles found naturally on the earth crusts like Si, Al, Fe and Ca. Samples from each forest sites revealed its accumulation of alumino silicate and Fe rich particles. Iron can be associated to fly ash pollution with other elements such as Si and Al (BOHM & al., 1998; JALKANEN & al., 2000) . Fe rich particles contained also Pb in all sites analyzed indicating that these articles were derived from high combustion sources (EBERT & al., 2004) . 34 % of the deposited particulates consisted of lead on site 1 and site 5, these results match with the ICP -AES analysis where the higher concentration has been registered in site 5 and site 1.
According to High percentage of Cu was noticed in Xanthoria parietina's from site 2 with 20.22 % and the low percentage in site 1 (4.93 % in Table 5 ). For zinc, the highest rate was noticed in site 9 (19, 49%) and site 2 (19, 17%). Moreover, chromium content was noticed in site 3 with a rate of 19.82 % and the lower rate was registered 0 % in site 7 and site 5. Furthermore, the SEM analysis has also demonstrated that the ratio of Ca was high in certain site like site 6 and site 2. Calcium dioxide is a dominant alkaline component and, graph show that calcium is highly correlated K which is definitely the component of fly ash, and it suggests a local alkaline dust effect (GILBERT, 1976) , probably coal combustion and road dust in this case. It can be explained by the vicinity of the forest sites with mains roads high traffic activities.
Observations by SEM from lichen are illustrated in Figure 4 the approach adopted here to analyze the thalli surface that constituted non organic particulate or surface deposit materials. Random areas were imaged initially at high magnification. All samples showed an agglomeration of irregular particles consisting mainly of inorganic amorphous constituents expected from the combustion of diesel and gasoline powered (CHAPARRO & al., 2010) , these finer and spherules grains were observed in forest sites near urban site (site 1, site 2, sites 4, site 7). The samples also contain toxic elements as Pb and Zn, according to CHAPARRO & al. (2002 CHAPARRO & al. ( , 2006 . Higher contents of these pollutants demonstrate that this contamination has an industrial origin. Further, high ratios of Zn are registered in site 2 and site 9, indicating that these particles are derived from high combustion sources (EBERT & al., 2010) . These sites belong to forest regions in urban area which are known by a high industrial activities and petroleum refinery. In addition, samples from polluted sites as site 1, site 9 and site 5 exhibit agglomerates of micro sized and small particles and a predominance spherule and a variety of shapes. Most of these particles are iron oxide. These elements were reported by CHAPARRO & al. (2010) as being from vehicle pollution.
CONCLUSION
Our results indicate that the exhaust gases of motor vehicles and other anthropogenic activities are the main sources of air pollution in forest ecosystem analyzed. SEM-EDX and ICP-AES has revealed information about chemical deposition of air borne particulate accumulated on epiphytic lichens. With the results at hand, it was possible to evaluate emission sources allowing the qualitative analysis of the forest sites studied.
Furthermore, the present study demonstrated that lichens could be used to determine heavy metals in dry and warm climate in Morocco; the lichen accumulates high amounts of heavy metals. This result could be considered as a baseline data for further continuous research work related with biomonitoring and assessment of air quality in the forest sites studied. Additionally, cluster analysis revealed elements as indicative of different local sources or source regions. Our results indicate that the concentrations of Fe and Pb originated mostly from iron-steel works of industrial region. For Fe, the soil dust could also be an important contamination source. The Traffic emissions were resulted the main contributor for Pb contamination. The concentrations of elements and Pb were very high in forest site near urban areas reflecting the effects of both urbanization and industrial activities, mostly due to coal combustion. 
